Flexible behavior is an important characteristic of daily cognitive activities and is therefore crucial for our understanding of human cognition. The task-switching paradigm has proven to be a useful tool to investigate the processes and factors related to this matter. In general, people switch rather easily from one task to another. Yet research has shown that task switching is accompanied by a cost: After a task switch, compared with situations in which the task does not change, performance latency increases and errors become more likely (e.g., Allport, Styles, & Hsieh, 1994; Jersild, 1927; Logan & Bundesen, 2003; Meiran, 1996; Rogers & Monsell, 1995; Spector & Biederman, 1976) . According to some authors, reconfiguration of the task settings is at the basis of the switch cost (e.g., Mayr & Kliegl, 2000 Meiran, 1996 Meiran, , 2000 Monsell & Mizon, 2006) , whereas other authors have proposed that interference from a previous task execution is responsible for the switch cost (e.g., Allport et al., 1994; Waszak, Hommel, & Allport, 2003 , 2005 . Common to these views is that a representation of the task goal and a representation of task parameters or constraints is needed to correctly execute a task; in other words, a representation of the task settings must be made active. This is called the task set. According to the reconfiguration view, a new task set must be configured on switch trials, whereas the same task set can be used again on repetition trials; this difference in time and effort results in the switch cost. For the interference view, in contrast, the switch cost is not due to preparation or configuration of a task set, but to the need to resolve interference due to a previous task execution.
Although the task-set notion plays a central role in accounts of task switching, its definition has remained open-ended. Apart from the agreement that a task set is a temporary active representation and that it contains information relevant to task execution, it is not clear which information is and is not included, and there is some debate about whether and how the information is structured. Because an approved definition of task set has not been formulated thus far, in the present article we assume that the temporary representation contains the parameters needed for the correct execution of the task, such as the relevant stimulus dimension, the stimulus-response mapping, and the response modality. This idea is similar to the definition of executive control in the ECTVA model (Logan & Gordon, 2001 ). On the basis of this definition, the present study addresses how the elements of the task set are structured.
Three different ways of structuring task-set elements can be distinguished: the hierarchical structure, the componential structure, and the flat organization. According to the hierarchical view, there is no need for a complete reconfiguration of the task set when a lower-level element (e.g., the stimulus-response mapping) changes but the higher-level element (the task) remains the same; it suffices to change the lower element (the mapping rule). However, if the higher-order element (the task) changes, it does not make any sense to replace only the task, because the lower-level element (mapping) depends on it. Therefore, when the task changes (the highest level in the hierarchy), the complete task set must be replaced.
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Task switching research has revealed that task changes lead to a performance switch cost. The present study focuses on the organization of task components in the task set. Three different views of task set organization have been distinguished and evidence in favor of each of these has been reported in the literature. In four experiments, we orthogonally varied the categorization task (magnitude and parity) and the stimulus dimension on which the categorization was to be made. Experiments 1, 2, and 4 used Stroop-like number stimuli, whereas Experiment 3 used global-local stimuli to define the stimulus dimension. In Experiments 2-4, the cue-stimulus interval was also varied. The findings showed that a change of any component resulted in a cost, without any reliable difference in the size of these costs. These results are consistent with the flat view on task-set organization, which assumes that the task set binds all elements in an unstructured representation, which is completely reconfigured each time a change to the task set is required. The implications of these findings are discussed in relation to other findings and the different views on task-set organization. components has to be controlled than when only one component changes. These findings suggest a componential structure, in which each change of a component involves a preparation cost; when two components change simultaneously, each replacement imposes a cost, and there may be an additional coordination cost.
One possible problem in comparing the findings of Allport et al. (1994) and Hübner et al. (2001) , on the one hand, and those of Kleinsorge and colleagues, on the other, concerns differences in methodology and the procedure for measuring the switch costs. In the Allport et al. and Hübner et al. studies , the cost is estimated by comparing performance in a series of task alternations with performance in a series with one single task (cf. Jersild, 1927; Spector & Biederman, 1976) . Moreover, in those studies, preparation time was self-paced, resulting in optimal performance for double switches as well as for single switches. In the studies of Kleinsorge and colleagues, on the contrary, no preparation interval was included (cue and stimulus were presented simultaneously). Many presentday studies of task switching, however, experimentally control preparation time.
This brief literature overview shows that when onecomponent switches are compared with two-component switches, inconsistent result patterns have been reported. All three possible outcomes of this comparison have been observed: Either the reaction times (RTs) do not differ from one-to two-component switches, consistent with a flat organization (Allport et al., 1994; Hübner et al., 2001) ; or two-component switches are slower than onecomponent switches, in agreement with a componential organization (Hübner et al., 2001 ); or two-component switches are faster than switches of the higher-ordered component only, confirming a hierarchical organization (Kleinsorge & Heuer, 1999; Kleinsorge et al., 2001 Kleinsorge et al., , 2002 Kleinsorge et al., , 2004 . Because a different methodology is applied in each of these studies, it is difficult to see how these discrepant results are produced. It could be the type of stimuli that were used, the task switch procedures, or even the specific instructions given to the participants.
Motivated by these discrepancies, the purpose of the present study was to further pursue the issue of task-set organization. To that end, we manipulated the number of task components that require a switch and compared the size of the switch costs in these situations. More specifically, we focused on the same two components that had been studied before: the stimulus dimension that needs to be processed, and the actual processing operation that is required (hereafter, task). Each component is bivalent, with one relevant and one irrelevant dimension on each trial. Between two trials, a single component or both components can change. In this way, stimulus dimension switches are independent from task switches, as in some of the conditions of Hübner et al. (2001) .
Different patterns of switch costs are predicted by a hierarchical, a componential, and a flat model. As explained before (see also Kleinsorge, 2004) , a hierarchical organization predicts that two-component switches (where both the task and the dimension must be changed) will be faster Kleinsorge and Heuer (1999) confirmed this prediction and replicated their results in several subsequent studies (Kleinsorge, Heuer, & Schmidtke, 2001 , 2002 , although it appeared that the exact pattern of findings depends on the presence of all possible stimulus-response mappings (Kleinsorge, Heuer, & Schmidtke, 2004) . The most striking aspect of their findings was that changes in which both the higher level and the subordinate level were involved were faster than changes that involved only the higher level. In order to explain this observation, Kleinsorge and Heuer added the assumption that changes at a higher level always resulted in a complete reconfiguration of that level and the lower levels, so that in cases where only a change at a higher level occurs, an additional reconfiguration step at the lower level is required in order to achieve a correct representation of the task requirements.
These findings contrast with those obtained by other research groups. Allport et al. (1994) used Stroop-like number stimuli, such as a collection of four digits "3." Participants switched between magnitude and parity judgments, which were applied either to the digit name ("3" in the example) or to the number of elements in the collection (four in the example). Using the list paradigm, in which performance in an alternating list is compared with a single-task list, these investigators found that the cost of switching between the tasks was similar to that of switching between the dimensions (value or number). Furthermore, in a condition in which both components switched in the alternating list, no additional cost in comparison with single-component alternations was observed. In other words, changing one or two components of the task set seems to require the same amount of time. This suggests a flat organization of the task-set components which is reconfigured each time one or more components change. Hübner, Futterer, and Steinhauser (2001) did not focus on task-set organization but they reported data that are relevant in the present context. In a design similar to the one used by Allport et al. (1994) , they considered only costs that remain after a long preparation interval. In a condition with linked alternations consisting of twocomponent changes (e.g., between value magnitude and number parity), they replicated the findings of Allport et al. with global-local stimuli instead of Stroop-like stimuli. Global-local stimuli (cf. Navon, 1977) display global patterns (e.g., letters) by means of smaller patterns. Attention can be directed to the global pattern or to the components, which are all the same. The global pattern and the components can be compatible (same letter) or incompatible (different letter). However, in conditions with independent transitions between components (i.e., when all combinations of values and tasks are possible), they observed an increased switch cost when two components were involved. In some of the experiments, the cost of a switch in two components was similar to the sum of the cost associated with single-component switches, but they also reported cases in which the combined cost was larger than the sum of both. They argued that their findings were consistent with the hypothesis that the amount of cognitive control is larger when a change in two task question was whether the results would be consistent with those reported by Allport and colleagues or whether the pattern would be similar to Kleinsorge's findings, or possibly would better fit the independent condition results of Hübner et al. (2001) .
Method
Participants and Design
Twenty right-handed first-year psychology students (14 females and 6 males) at Ghent University were recruited and received course credit for their participation. Mean age was 19 years (age range, 17-26 years). The experiment consisted of a 2 (task: switch vs. repetition) 2 (dimension: switch vs. repetition) design. After giving informed consent, the participants were randomly assigned to one of the two task-to-hand mapping conditions.
Materials
The digits 2, 3, 5, and 6 were mutually combined to form a Strooplike stimulus set, an example of which is presented in Figure 1A . The relevant dimension was either the digit symbol or the number of digits and the task consisted of either a parity judgment or a magnitude judgment. In the magnitude task, 4 was the reference for the comparison. The range of digits in the stimulus set was limited in order to enable rapid recognition of the ensembles of digits and to minimize the need for counting (see, e.g., Logan & Zbrodoff, 2003; Trick, 2005; Trick & Pylyshyn, 1994) . The stimuli appeared in a configuration analogous to that of playing cards (see Allport et al., 1994 , for a comparable design). This way, familiarity of the digit groups was enhanced, and the processing rate of the number of elements should be approximately equivalent to that of the digit.
The digits appeared in white on a blue area that measured 2.8 cm in height and 1.9 cm in width. From a viewing distance of about 60 cm, this results in visual degrees of 2.67º and 1.81º, respectively. The digits themselves were approximately 0.7 cm high (0.67º) and 0.4 cm wide (0.38º).
A compound cue above the stimulus indicated (1) whether the digit or the number of digits had to be categorized and (2) whether this judgment was to be based on the parity task or the magnitude task. The first part of the cue indicated the stimulus dimension in the form of an "A" or a "C"; those are the first letters of the Dutch words for "number" (aantal ) and "digit" (cijfer), respectively. The second part of the cue signaled the task to perform by one of the labels "LA HO" and "ON EV"; each letter pair refers to the first two letters of the Dutch words that indicate the lower/higher (i.e., magnitude) and odd/even (i.e., parity) categories, respectively. For example, the "A LA HO" cue meant that the magnitude task had to than switches where the task but not the dimension must be changed. On the basis of a componential organization, as is implicit in the view of Hübner et al. (2001) more time is required when more components have to be changed than when only one component has to be changed and the coordination of the components into a representation may cost extra time, resulting in the prediction that the switch cost for changing both components will be equal to or larger than the sum of the switch cost of either component.
A flat organization, finally, assumes that all components in the representation are equivalent, so that whenever a component changes, the entire representation must be rebuilt. This view would predict the cost of changing two components to be similar to the cost of changing only one component, as was reported by Allport et al. (1994) and was found in the linked condition of Hübner et al. (2001) .
To control all the relevant timing parameters of the experiment, the present study used an explicit cuing procedure to contrast these three sets of predictions. The cues consisted of a compound based on two component cues, one for the task and one for the dimension. The task cue and the dimension cue were always presented simultaneously, and the cue-stimulus interval (CSI) for the compound cue was varied to enable an evaluation of the preparation effects. In Experiment 1, we verified the predictions on the basis of three views of task-set organization by means of Stroop-like stimuli (like Allport et al., 1994) in a cuing procedure with a CSI of 0 msec (like Kleinsorge & Heuer, 1999) , using separate hands for each task. In subsequent experiments, we varied the CSI to test the models on the basis of residual switch costs (like Hübner et al., 2001 ) and we replicated this with global-local stimuli (again, like Hübner et al., 2001) , instead of Stroop stimuli. Finally, we also replicated the same design with one hand for both tasks.
EXPERIMENT 1
The purpose of the first experiment was to create a design in which the tasks of Allport et al. (1994) were used in a cuing procedure with a zero CSI, as in the studies of Kleinsorge (e.g., Kleinsorge & Heuer, 1999) . The main 
Latency
After the exclusion of errors (7%) and trials following errors (6.5%), the trials were classified as switch or repetition trials, according to their relation with the task and the dimension of the previous trial. This way, 2 2 categories were distinguished: repetition of task and dimension, repetition of task with dimension switch, task switch with dimension repetition, and switch of both task and dimension. Larger RTs were found on task switches (M 2,012 msec; SD 231 msec) than on task repetitions (M 1,897 msec; SD 294 msec), and on dimension switches (M 2,023 msec; SD 271 msec) compared with dimension repetitions (M 1,886 msec; SD 252 msec). The 117-msec task switch cost was significant [F(1,19) .80]. Figure 2A shows this interaction. In order to test the predictions of the different models of task-set organization, planned contrasts were defined. The flat structure predicts a difference between complete repetition trials and trials on which one or two components are changed. This corresponds to the contrast between be performed on the number of digits. Note that the cue information was not only specific with regard to the task goal, but also indicated the specific response rules that were required on the trial; that is, the left-right order of the cue information was consistent with the order of the response mappings (see, e.g., Dixon & Just, 1986; Logan & Bundesen, 2003; Sudevan & Taylor, 1987) . Since there were two stimulus dimensions and two tasks, there were 4 such compound cues.
The responses were collected using the index and middle fingers of both hands; tasks were mapped onto different hands. This setup was chosen to minimize interference from conflicting response rules. The hand-to-task mapping was counterbalanced across participants while keeping the left-right assignment of the task rules constant. This implies that the assignment of "lower" and "odd" could only involve the middle finger of the left hand and the index finger of the right hand. Consequently, the assignment of "higher" and "even" could only involve the index finger of the left hand and the middle finger of the right hand. Since all participants were right-handed, we assumed that these mapping rules would agree closely with their "natural" representation of number information-that is, an intuitive tendency to map small-to-large numbers on a left-to-right dimension (cf. the SNARC effect; Dehaene, Bossini, & Giraux, 1993) .
Procedure
Each participant was seated in front of an IBM-compatible computer connected to a 15-in. color screen and a response box. The experimentation software assured millisecond timing accuracy and ran in the MS-DOS environment. The instructions appeared on-screen and were further explained, if necessary. In the practice phase, the participants received one block of 32 trials that was repeated until they reached the a priori defined criterion of 80% correct trials. Each trial was followed by a centrally presented feedback message that indicated whether the previous trial was correct, wrong, or had been left unanswered.
After successful completion of the practice phase, the instructions for the test phase appeared. During the test phase, the participants had to work through nine blocks of 32 trials in which every combination of digit, number, task, and dimension appeared at least four times. After each block, the participants could take a short break while a performance screen informed them about their mean RT and accuracy in the completed block.
On each trial, a dimension, task, and digit/number combination were randomly selected, bearing in mind the following three restrictions: (1) In order to avoid the intrusion of negative priming effects, stimulus repetitions were allowed neither on the relevant nor on the irrelevant dimension; (2) a particular dimension or task could never be relevant in more than three consecutive trials; and (3) the number of switch and repetition trials was the same in each of the cells of the design. After trial selection, the cue and the stimulus appeared simultaneously and centrally on the screen (i.e., the CSI was 0 msec), where they were exposed until a response was given, or until 5,000 msec had passed. The trial ended with a 500-msec interval, during which a feedback message was presented (in case of an error or when there was no response), and a fixed response-cue interval of 1,500 msec.
Results
The first trial in a block was excluded from the analysis. Unanswered trials were also removed before analysis, resulting in a data loss of 0.3%. All experiments are completely based on repeated measures designs; for that reason, the analyses are based on the multivariate general linear model. The reported F values are converted from Wilk's lambda. The alpha level was set to .05. Latencies as well as accuracies were analyzed. other contrasts attained significance, this experiment does not provide any evidence in favor of the other two views on task-set organization. 1 Overall, the latencies in Experiment 1 were large. To some extent, this is no doubt due to the difficulty of the task. Indeed, we used Stroop-like number stimuli, which are known to be difficult. However, it seems that participants responded carefully, relative to the difficulty of the task; the error rates are low, whereas the latencies were indeed large. It could also be argued that participants did not feel much pressure to respond quickly, since they had about 5,000 msec in which to respond. It should nevertheless be stressed that the results of the latency and accuracy analysis reveal the same pattern of results, so that there is no reason to suppose that there was a speed-accuracy trade-off. Another reason for the slow response is that the compound cue and the stimuli were presented simultaneously. It seems reasonable to assume that interpretation of the compound cue is responsible for an important part of the observed latencies. Besides this, due to the simultaneity of cue and stimulus, the latencies also include preparation time. In order to create a situation more similar to that of many task-switching studies, in the following experiments a preparation interval was included by implementing a CSI of either 300 or 1,000 msec.
EXPERIMENTS 2-4
Experiments 2-4 were designed to replicate and extend the findings of Experiment 1 by including a manipulation of preparation time. This was realized in two conditions. In one condition, a short CSI of 300 msec was used. In terms of preparation (interpretation of the cue and configuration of the task set), this is still too short for a complete preparation and should yield results that corroborate the findings of Experiment 1. The other condition was based on a long preparation interval (1,000 msec). Such an interval is typically considered to be long enough for completing preparation, and normally the switch costs after such a long preparation interval are rather small and considered to be residual. In this condition, a situation is implemented that is quite different from the no-preparation condition, as was used in Experiment 1. The question then is whether the long CSI condition will reveal the same kind of taskset organization as was observed in Experiment 1. Because there is more time to prepare, the share of the costs due to cue interpretation processing should be smaller. For this reason, a condition with a long CSI could be considered to be more appropriate for detecting a structure in the task-set representation. In Experiment 2, the stimulus materials were the same as in Experiment 1. Based on the same design, Experiment 3 used global-local instead of Stroop-like stimuli, and in Experiment 4 the two tasks were mapped on the two responses.
Method Participants and Design
For these experiments, respectively, 20 (17 females), 22 (18 females), and 22 (19 females) right-handed first-year psychology students at Ghent University who did not participate in Experiment 1 complete repetition trials and the other trial types. Within the three types of change trials, the flat model does not predict any differences. In contrast to the other models, this means that there is no difference between trials with two changing components and trials with one changing component, and also no difference between the two types of trials with a single change (namely, the task component vs. the dimension component only). On the contrary, the hierarchical and the componential model predict that trials on which both components are changed will differ from trials with a change in the task component only. The predictions from these two views are opposing: The hierarchical model predicts that complete switches will be faster and less error prone, whereas the componential view predicts the opposite. In addition to p 2 , r 2 is included as a measure of the strength of the contrasts. It estimates the proportion of the variance in the means explained by the contrast and therefore it may indicate the importance of the share of the variance explained by the contrast.
The first contrast-namely, repetitions versus one or more switches-was significant [F(1,19) 116 .02, r 2 0).
Accuracy
Percentages of errors were classified and analyzed in the same way as in the latency analysis. More errors were committed on task switch trials (M 7.7%; SD 4.2%) than on task repetition trials (M 6.2%; SD 5.3%) [F (1, 19) Mirroring the latency data, the interaction between task switching and dimension switching (see Figure 2B ) was significant [F(1,19) 
Discussion
The findings of this experiment are straightforward: Both in latencies and in accuracy, dimension switching as well as task switching resulted in a cost which was of a similar size. These costs were not additive. The interaction of task and dimension switching was completely accounted for by the contrast between repetitions and one or more component switches, which is consistent with a flat task-set organization. This contrast explained 99% of the variance among the four latency means. Since none of the 1,406 msec; SD 452 msec). The interaction of task and dimension transition was also reliable. It is shown in Figure 3A. No other interactions were significant.
A further examination of the task dimension interaction by means of the same planned contrasts as in Experiment 1 showed that the contrast between repetitions and one or more switches accounted for the major part of the variance [F(1,19) .12, r 2 .03], switchgave informed consent and received course credit afterward. In each experiment, mean age was 19 years (overall age range, 18-27 years). A 2 (CSI: short vs. long) 2 (task: repetition vs. switch) 2 (dimension: repetition vs. switch) within-subjects design was used. The levels of both switch effects changed randomly from trial to trial, but the length of the preparation interval was blocked; that is, the CSI changed only once halfway through the experiment, so that there were two sessions. The order of the CSI sessions was counterbalanced, as was task-to-hand mapping.
Materials and Procedure
The same tasks were used as in Experiment 1. With respect to the procedure, there were a few small modifications. The instructions mentioned the presence of an interval between cue and stimulus presentation. Before each session, a Dutch message announced either a "short interval" or a "long interval" for the blocks to come. The specific preparation intervals were 300 and 1,000 msec, but during the practice block, the preparation time was always long. In each CSI session, the participants completed five blocks of 32 trials; the first block was considered practice. The stimuli were identical to those of Experiment 1.
Results
The first block in each CSI session and the first trial in each block were not analyzed. Unanswered trials were dropped from the analysis. This resulted in a data loss of 0.2% in each of the experiments. For both latency and accuracy a CSI task dimension factorial design with repeated measurements was used in all three experiments. In what follows, the results are presented per experiment.
Experiment 2
Latency. The data were further cleared from errors (6%) and trials following errors (5%), then sorted into switch versus repetition trials for task and for dimension transitions. Table 1 displays the mean latencies and SDs. Table 2 reports the statistical details of the analysis. Here we will report only the results which are central to the test of the hypotheses at stake; other effects can be consulted in the table. The three main effects were significant. The latencies in the long preparation condition (M 1,253 msec; SD 431 msec) were 403 msec faster than the latencies in the short preparation condition (M 1,656 msec; SD 386 msec). There was a 106-msec cost of task switches (M 1,508 msec; SD 468 msec) against task repetitions (M 1,402 msec; SD 438 msec). Likewise, dimension switches (M 1,504 msec; SD 455 msec) were associated with a slowing of 98 msec compared with dimension repetitions (M were involved in the switch, although there was a trend for the task switch cost to be larger than a dimension switch cost. Again, the contrast supporting a hierarchical view was not at all reliable. Consistent with previous research on task switching (e.g., Monsell & Mizon, 2006) , a longer CSI was associated with faster responding. However, it is noteworthy that the task switch cost was not reduced with a longer CSI. 2 This observation was confirmed in both latency and accuracy.
Experiment 3
The next experiment was designed to generalize the findings from Stroop-like to global-local stimuli (Navon, 1977) , where the parity and magnitude tasks could be applied either to the global digit or to a local digit that was part of the global stimulus (for an example, see Figure 1B) . This way, the difference between the two stimulus dimensions would be restricted to whether the attention had to be focused on an element or on the entire stimulus. If the findings were independent of the characteristics of a Stroop-like task, Experiment 3 should yield the same pattern of results. If, on the contrary, the flat task-set structure were induced by the Stroop-like stimuli, Experiment 3 might provide evidence for a nonflat organization, either a hierarchical one (like Kleinsorge, 2004) or a componential one (like Hübner et al., 2001) .
Materials and Procedure. These were the same as in Experiment 2, except for the following changes. In Experiment 3, global-local stimuli were used. These stimuli were constructed by presenting both the global and the local digits in the cells of an invisible 5 5 grid, as shown in Figure 1B Table 1 shows the percentages of errors. The same method of analysis was used as for the latency data. The statistical details are shown in Table 3 . The accuracy difference between the short CSI condition (M 6.0%; SD 3.9%) and the long CSI condition (M 5.0%; SD 3.7%) failed to reach significance. On task switch trials (M 6.5%; SD 3.8%), the participants were less accurate than on task repetition trials (M 4.5%; SD 3.6%). Error rate was also lower when the dimension repeated (M 5.1%; SD 4.0%) than when the dimension switched (M 5.9%; SD 3.6%). The interaction between task switching and dimension switching was significant, which is displayed in Figure 3B .
Application of the planned contrasts revealed the same pattern of findings as in Experiment 1. Complete repetition trials were solved more accurately than the three kinds of switch trials [F (1, 19) Table 4 . Under short preparation (M 5.9%; SD 4.8%), participants were less accurate than under long preparation (M 4.6%; SD 4.4%). Task switching resulted in an accuracy difference between repetition trials (M 4.2%; SD 4.6%) and switch trials (M 6.3%; SD 4.4%). However, the difference between dimenwere uniform in physical appearance, because they were digitized. Each local stimulus was about 0.5 cm high and 0.4 cm wide, whereas the blue area on which the global stimulus appeared was about 3.1 cm high and 2 cm wide. From a viewing distance of approximately 60 cm, this results in similar visual degrees, as with the Stroop-like stimuli in Experiments 1 and 2-that is, 0.48º and 0.38º for the local stimulus, and 2.96º and 1.91º for the global stimulus. On each trial, the stimulus appeared at one of eight possible screen positions, defined as deviations 0.25º above, below, to the left, to the right, or diagonally from the center of the screen. Such a manipulation discourages the participants from fixating at the center of the screen to favor the processing of the local digit. The local and global stimulus dimensions were now cued by the letters "K" for klein ("small") and "G" for groot ("large"), respectively. Stimulus presentation and timing of the responses were controlled by the Tscope C/C experimentation library (Stevens, Lammertyn, Verbruggen, & Vandierendonck, 2006) . The responses were collected with a keyboard: The participants pressed "D" and "F" for one task and "J" and "K" for the other. The instructions were modified to account for the new stimuli.
Latency. The data were further cleared from errors (5%) and trials following errors (6%), then sorted into switch versus repetition trials. Table 4 shows the mean latencies and SDs. The statistical details are shown in Table 2 . The latencies were reduced from the short (M 1,888 msec; SD 274 msec) to the long (M 1,452 msec; SD 373 msec) CSI condition, resulting in a 436-msec preparation effect. Task switches (M 1,706 msec; SD 376 msec) resulted in a cost of 72 msec compared with task repetitions (M 1,634 msec; SD 406 msec). The 96-msec difference between dimension switches (M 1,718 msec; SD 369 msec) and dimension repetitions (M 1,622 msec; SD 410 msec) was also significant. Task switching interacted significantly with dimension switching (see Figure 4A) .
The contrast analyses revealed that latencies were slower on single or double switches than on complete repetitions [F (1, 21) set organization, the findings may deviate in the direction of either a hierarchical or a componential structure. Materials and Procedure. The stimuli and cues of Experiments 1 and 2 were used, but they appeared in a digitized format. An example can be found in Figure 1C . The other procedural details were the same as in Experiment 3, but the participants pressed "F" with the left hand for one category of both tasks and "J" with the right hand for the other category of both tasks.
Latency. Error trials (5%) and trials following errors (5%) were removed from the data set. The remaining trials were then sorted into switch versus repetition trials with respect to task and dimension changes. The mean latencies and SDs of the factors CSI, task switching, and dimension switching are shown in Table 5 . Latencies were 360 msec slower in the short (M 1,443 msec; SD 390 msec) than in the long (M 1,084 msec; SD 312 msec) CSI condition. Task repetitions (M 1,221 msec; SD 385 msec) were faster than task switch trials (M 1,306 msec; SD 403 msec), resulting in a significant task switch cost of 85 msec. Dimension switching (M 1,289 msec; SD 395 msec) caused a slowing of 51 msec compared with dimension repetition (M 1,238 msec; SD 396 msec). Task switching and dimension switching significantly interacted (see Figure 5A) . No other interactions were significant.
The contrast analysis yielded a significant difference between complete repetition trials and trials with one or more switches [F(1,21) Accuracy. The percentages of errors are shown in Table 5 . The effect of CSI was not significant, although sion repetitions (M 5.1%; SD 5.2%) and dimension switches (M 5.4%; SD 4.1%) was not reliable. As is shown in Figure 4B , task switching and dimension switching interacted. The other interactions were not significant.
Planned contrasts revealed fewer errors for repetition trials than for trials on which one or more components changed [F(1,21) Discussion. The change of stimuli between Experiments 1 and 2 and Experiment 3 did not lead to a change in the pattern of results. Indeed, once more the pattern of findings suggests that the task-set structure is flat. Again, the flat view explained the major part of the variance, and although the share explained by the hierarchical view tended to be slightly higher than before, it still failed to attain significance. Hence, there was no support for the predictions supporting a hierarchical or a componential view. The findings were in all respects very similar to those of the previous experiment.
Experiment 4
The last experiment was designed to test whether taskhand mapping plays a role. When both tasks are mapped on the same hand, response congruency may affect performance (e.g., Goschke, 2000) . When the correct response is the same in both tasks, the trial is congruent and performance on such trials is expected to be better than performance on incongruent trials, where the two tasks require different responses. With tasks mapped on different hands, response congruency is not such a potent factor (but it could play a role; see Schuch & Koch, 2004) . It is possible that the flat organization favored by the findings of the first three experiments was in part due to the absence of response congruency. Experiment 4 was designed to test this possibility. This experiment was another replication of Experiment 2 (with the Stroop-like stimuli), but with both tasks mapped to only two response buttons. If response congruency does not matter, we expect to replicate the pattern of findings of the previous experiments. If, in contrast, the presence of response congruency changes task- Together with the absence of a reliable difference between one-and two-component switches (percentage explained variance 0 for latency and .04 for accuracy), this supports the flat view. Unlike in the previous experiments, the contrast specific to the hierarchical model was significant in the latency data, but the effect size was rather small; the percentage of explained variance (r 2 ) was .02 in latency and .01 in accuracy. One possible interpretation is that the effect is more likely to occur in situations where response congruency plays a role; also, however, the hierarchical effect may be around all the time, but the statistical power of the experiments may be too low to detect it. Whether this is indeed the case can be seen if the data of the three experiments with the same design (Experiments 2-4) are combined in a single analysis. If the effect has been too small to be detected, the combined analysis should reveal this.
Combined Analysis
Latency. The joint data of Experiments 2-4 were analyzed with experiment as an additional between-subjects factor. The main effects of experiment, CSI, task, and dimension were all significant, respectively [F(2,61) To test whether these findings were due to particular experiments, an analysis was performed on the basis of the interaction of all the contrasts with experiment. Three of the contrasts interacted significantly with experiment-namely, the complete repetitions versus one or two switches [F(2,61) .13]. Further decomposition showed that none of these three effects was due to the difference between Experiment 4 (one hand) and Experiments 2 and 3 (two hands) [largest F(1,61) 2.14, p .15, p 2
.03] for the flat contrast, but that all three effects could be explained by the difference between Experiments 2 and 3, respectively [F (1, 61) Accuracy. The same analysis was conducted on the accuracy data. The main effect of experiment was not significant (F 1), but the main effects of CSI and task were reliable [F(1,61) 11.22, p 2 .16, for CSI and F (1, 61) 32.86, p 2 .35, for task]. Two interactions more errors were committed under short preparation (M 5.1%; SD 4.7%) than under long preparation (M 4.4%; SD 3.9%). The difference between task repetitions (M 3.9%; SD 3.6%) and task switches (M 5.5%; SD 4.8%) was significant, but the difference between dimension repetitions and dimension switches was not (M 4.6%; SD 4.4% for repetitions and M 4.8%; SD 4.2% for switches). The interaction between task switching and dimension switching failed to attain significance (see Figure 5B) . None of the other interactions attained significance.
The contrast analysis revealed a reliable difference between complete repetition trials and trials involving a switch of any component [F(1,21) Discussion. The findings of Experiment 4 are similar to those of the previous experiments in ascertaining a strong some variability. However, these fluctuations were reliable but very small. This pattern of findings is in line with the view that the task set is organized in a flat way so that any required change in a task-set component leads to complete rebuilding of the task set.
A critical observer may suggest that in three of the four experiments, trials on which only the task changed tended to be slower and more error-prone than trials on which both the task and the dimension changed. Indeed, the differences were almost always in the direction predicted by the hierarchical view. However, they were only occasionally significant and the effect size was always very small. Nevertheless, it could be suggested that this is a matter of power. In order to rule out this interpretation, we combined the data of Experiments 2-4 that had the same design. Even in the combined analysis, the critical difference failed to attain significance.
Clearly, all four experiments provide evidence in favor of the flat view and are consistent with the findings of Allport et al. (1994) . In all experiments, the effect size ( p 2 ) of the contrast between repetitions and one-or twocomponent changes was large (between .59 and .86 for latency, and between .30 and .59 for accuracy). In all experiments, this contrast explained the major part of the variance among the means in the task dimension combination (between .96 and .99 for latency, and between .63 and .93 for accuracy). The contrast between one-and two-component switches was never reliable. The effect size was rather small (between 0 and .12 for latency, and between 0 and .11 for accuracy) and the percentage of explained variance was very small (between .01 and .03 for latency, and between 0 and .07 for accuracy). The combination of a strong effect on the former contrast and a very small effect on the latter contrast supports the flat model. The contrast supporting another interpretation-namely, a switch of task only versus switch of both task and dimension-was basically corroborated neither in the effect size, which varied between .02 and .18 in latency and between .01 and .12 in accuracy, nor in the percentage of explained variance among the means: between 0 and .04 in latency and between .01 and .06 in accuracy. In essence, the support, if any, of the hierarchical view is weak.
The question may be raised why the findings of the present study did not yield stronger support in favor of the hierarchical and componential views. Obviously, there are a number of procedural variations that may contribute to the different findings in the present and published studies. In almost all of their studies, Kleinsorge and colleagues used a combination of two tasks and two response-mappings (Kleinsorge & Heuer, 1999; Kleinsorge et al., 2001 Kleinsorge et al., , 2002 Kleinsorge et al., , 2004 . It can be argued that the mapping is not independent from the task. In one of their studies (Kleinsorge & Heuer, 1999) , for example, one task is a numerical judgment task and the other task is a spatial judgment task. For the numerical task, the compatible mapping assigns small digits (smaller than 5) to the left key and large digits to the right key (cf. the SNARC effect; Dehaene et al., 1993) . The opposite assignment is then incompatible. In the spatial task, a decision has to be made whether a peripheral digit is left or right with respect to a central digit. Responding "left" were significant-namely, CSI dimension and task dimension, respectively [F(1,61) .06]. Discussion. The results of the combined analysis are completely in line with the results of the individual experiments. The latency analysis showed an interaction of experiment task dimension. Overall, almost all variance was explained by the repetition versus switch contrast, but the very small differences between the experiments were reliable. Although only one contrast was significant overall, three of the four contrasts differed across experiments, and in all cases, this was due to a difference between Experiments 2 and 3. In both experiments, the flat contrast explains almost all variance (respectively, .97 and .96) . Figures 3 and 4 show that for the hierarchical contrast in Experiment 2 the difference is small, but in the direction predicted by the hierarchical model; and in Experiment 3, the difference is in the opposite direction, but also small. Similarly, the cost of switching the dimension only is larger than switching the task only in Experiment 3, but the difference is small and in the opposite direction in Experiment 2.
In the accuracy data, there were no differences between the three experiments and overall three contrasts contributed significantly to the data. Besides the flat contrast which explains 80% of the variance, the difference in cost associated with dimension and task switching and the hierarchical contrast contributed to the variance. However, in line with the individual experiments, the latter contrast explained only a minor part of the variance.
GENERAL DISCUSSION
The present study was performed to collect additional evidence relevant to the issue of task-set organization. The four experiments reported in this article were consistent in showing that switching of task, dimension, or both resulted in a switch cost compared with trials that repeated the task and the dimension of the previous trial. This was true both for latency and accuracy, for zero, short, and long CSI, for Stroop-like stimuli and for global-local stimuli, for the first half and the second half of the experimental session (see note 1), and when tasks mapped onto two as well as when they were mapped onto a single response hand. The contrast that tested this relationship explained close to 100% of the variance among the four means involved. Across the four experiments, there was relation between these two sets of differences amounts to .66. Since, in a hierarchical view, the dimension is subordinate to the task, there is no basis to expect that dimension switching would bias a task switch. It would rather seem, therefore, that participants may experience uncertainty as to what they should do when only one of the components changes and lose some time in resolving this uncertainty. In contrast, when both components change, there is no or less uncertainty. Clearly, more research will be needed to further clarify this issue, but it seems from this discussion that it is not obvious that the difference between task-only and task-plus-dimension switches is indicative of a hierarchical view.
The present findings also differ from observations reported by Hübner et al. (2001) . In our Experiment 3, the critical contrast (which is the same as for the hierarchical view) was in the direction predicted by a componential view, but the effect was very small and not significant. We must conclude, therefore, that the present study did not yield evidence in favor of the componential view, but, as shown by Hübner et al., there are conditions under which the componential view seems to hold. An important difference between the procedure used by these investigators and the procedure used in the present study and in Kleinsorge's studies resides in the type of performance cost that was measured. Whereas the present study focused on the difference between repeating or switching one or two task components, Hübner et al. compared three types of blocks: a block in which all task components were repeated, a block in which only one task component varied, and a block where both task components could change. Hence, their measure also includes the general load of the task context-namely, how many components are allowed to change from trial to trial within a block. This additional factor can be characterized as an estimate of the cost associated with a general load in terms of the number of components or the number of possible task sets that can be active within the block. In contrast, the measures of the costs in the present study correspond to what happens within the task block with random switches between two components in the Hübner et al. study. The possible confound among number of task components and number of task switches in the procedure used by Hübner et al. was further dissociated in a study by Steinhauser and Hübner (2005) . Of interest for the present purposes, in addition to showing the relevance of the number of components, the latter study and a study by Steinhauser and Hübner (2007) also reported a pattern of switch costs quite similar to the one reported here. However, since this was outside the scope of the present study, the appropriate contrasts to achieve a clear conclusion have not been reported.
Taken all together, the present findings are consistent with a rather simple all-or-none model: If the cue repeats, change nothing; if the cue changes, reconfigure the complete task set. It can be argued that this is the default strategy for changing cognitive representations or processes. The human cognitive system is flexible, however, and is able to adapt itself to new situations. In this vein, it could also be argued that the flat strategy is an expression of to the left digit and "right" to the right digit is compatible; the opposite mapping is incompatible. The example shows that the mappings are nested under the tasks. The mapping for the numerical decision becomes invalid when the task shifts to a spatial decision and vice versa. Clearly, with such stimuli the organization of the task elements is hierarchical by definition. This may have induced the participants in these experiments to reverse the complete task set whenever the task was shifted. Nevertheless, there is one exception in these studies. Kleinsorge (2004) used materials which were very similar to the ones used in the present study-namely, magnitude and parity judgments of Stroop-like number stimuli. The pattern of findings was to a large extent similar to the pattern reported in the present experiments (there was a switch cost whenever something changed), and the critical prediction for the hierarchical view was also significant. However, as in the present Experiment 4, the difference between task-only and taskplus-dimension changes was small. That the effect was significant in Kleinsorge's study and not in ours may be related to the fact that in his study, participants performed more than five times as many trials as did participants in the present study. So, even if the effect is small, it would more likely be significant.
Obviously, the hierarchical effect tends to occur also in our study. However, given the consistently strong evidence in favor of the flat view (difference between repetition and one or more switches and no difference between one and two switches), it does not seem likely that the hierarchical view, as developed by Kleinsorge and Heuer (1999) , is correct. More specifically, it does not seem likely that on taskonly switch trials, participants first make a reconfiguration for a complete switch (task and dimension) and then correct it by adding another dimension switch. Switching the dimension alone comes with a large switch cost, between 129 msec (Experiment 4) and 290 msec (Experiment 1). In other words, for the account of Kleinsorge and Heuer to be correct, the difference between a complete switch and a task-only switch should be large (100 msec or more). This is much larger than the values observed in the present study, namely between 37 msec (Experiment 3) and 49 msec (Experiment 2). A weaker version of the hierarchical view may assume that when the top-level component is changed, there is a tendency to change the other component as well. This takes some time to overcome, but since the other component is not fully changed, the time needed is less than would be expected for a full switch of the component. It may be argued that such a view is consistent with the findings of Kleinsorge and colleagues (Kleinsorge, 2004; Kleinsorge & Heuer, 1999; Kleinsorge et al., 2001 Kleinsorge et al., , 2002 Kleinsorge et al., , 2004 and those reported in the present study. This weaker view does not explain, however, why a dimension-only change tends also to be slower than a taskplus-dimension change. Indeed, inspection of Figures 2-5 shows that there is such a tendency. In fact, the difference between a dimension-only and a task-plus-dimension change varies between 13 and 40 msec. This is quite similar to the difference between a task-only and a taskplus-dimension change; over the four experiments, the cor-such a flexible adaptation. The presence of compound cues that change as a compound whenever one single element changes may have elicited a flat organization. In other words, it could be that the cues rather than the taskdimension combinations are driving the reconfiguration processes. Indeed, in the present experiments, the cue was a compound of task information and dimension information. It is possible that participants were attending to the cue as a whole. If one or the other or both elements of the compound change, this could be taken as a signal that a change was coming along and this could be sufficient to trigger a complete rebuild of the task set. It could be argued that participants used the cue-stimulus compound strategy described by Bundesen (2003, 2004) . However, it is difficult to see how this could be managed with composite cues, such as those used in the present study. The compound strategy implies that associations are acquired between the two components of the cue, the Stroop-like or global-local stimulus, and the response.
With two values of the dimension part of the cue, two values of the task part of the cue, 16 different stimuli, and two responses, the number of different associations to be acquired would be too large for this strategy to work.
The cue probably plays an important role in drawing attention to the change which leads to a change of configuration. Indeed, when the compound cue repeated, nothing changed, but when one component of the cue changed, a switch of one or both components followed. Participants may have taken this as an easy predictor of their behavior. In order to test the tenability of such a view, a separate study dissociated the cue elements by introducing a cuecue interval between the two elements, while still varying the CSI (Liefooghe, Christiaens, & Vandierendonck, 2008) . With an interval of 1 sec between the first and the second component of the cue, it should be clear to the participants which components changed and which one remained the same. Moreover, it would be possible to start task preparation on the basis of a single component, which indeed seems to happen. This study, nevertheless, replicated the present pattern of results, suggesting that it is not just the change of a cue compound that causes the switch cost. A flat task-set representation may be the more fundamental or the more obvious way to organize the task set in order to flexibly respond to changes.
2004) relates to the number of trials. It is possible, therefore, that the hierarchical organization develops with practice. If so, a stronger case for the hierarchical view would appear in the second half of the session. To test this conjecture, a factor representing the first and the second half of the experimental session was added to the analysis. As could be expected, this factor improved performance [F(1,19) 43.17 for latencies and F (1, 19) 11.94 for accuracy]. However, this factor did not modulate the task dimension interaction. More importantly, the contrast for the hierarchical view did not follow the expected change from the first half to the second (r 2 0 and .01 for latency in the respective blocks, and r 2 .09 and 0 for accuracy). In other words, the present experiment does not provide evidence for a dependency of the task-set structure on practice.
2. The observation that the switch cost did not vary with CSI is concordant with observations reported by Altmann (2004) that the preparation effect is present only when the CSIs are mixed. In the present experiments, CSI was blocked. However, because the CSI blocks were counterbalanced, in the second half of the experiment, participants have experienced both CSI durations. Therefore, the same analysis was repeated on only the second half of the experiment with CSI as a between-subjects factor (we are indebted to Marco Steinhauser for suggesting this way of analyzing the data). In the latency analysis of Experiments 2-4, CSI interacted with task switch, confirming this interpretation. In the accuracy analysis, the interaction was significant only in Experiment 2. In all cases, the percentage of variance explained by the contrasts was, however, the same with short and long betweensubjects CSI.
